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Abstract: 

PROBLEM TO BE SOLVED: To efficiently use a spread code for a downlink of a mobile communication 
system using a multi-carrier CDMA system. 

SOLUTION: An information symbol is multiplied by a short code and further multiplied by a long code. 
An information symbol series is copied as many times as symbols equal to the series length of the short 
code by information symbols and arranged on a frequency axis. Then the arranged information symbol 
series on the frequency axis is multiplied by the short code. Further, the information symbol series on 
the frequency axis multiplied by the series length N is multiplied by the long code. 
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;umi(D^^mi^y^^/i^^mm «® Lfctt a y 

;vSrJS»^tt±i-M'<5;^xy7°t, (b) JSJSI^tt± 

[W*3S3] mmy^T'yy (b) (4. ^mm^mm-f 

5 * (C^ V ^ P>nilillS±ttl^ CO^^ (C«giJ (CflJ t? 5§ T 
Ix/c — d'PMKOu y^/a— K©rt« — ^^^iL-fS r h 

^l;f3ftv^?s^m^;frL. ftrlB;^^^:/ (b) f*. 

^fc^LV^^^m?r#L. wm:^Tyf (b) f*, :X3 

»: ^ LV ^^^iJS L l^fif tci^jf-r 5 3 - b ::i - K 



h 3- Ymwm'^m'yy'^->^m\\m\^xxivif^~ k 

ffi-rs^^T^s/T-t. (b) HfrfBt£»tt«v'>'iPVv^?ij(c 

V^^/3-^:^-KSr-&^fc^[tt^:!RF-§■^«»L.. v-g-h 

[»*«7] ffria^^xs'y (b) ii. ^ft^^iiiBij-r 

1 ora'^a^^-jJ^VPtrii* b/cfc i # LI/ ig LJ^ W 

Ajtmmw^^mw-Lx. ffifBtf^>'>^*>^M?rrfi 
m^hti±x<D*immmmc^mKm'omxibnftiyB 

1 0 ] tfiSBn KttHuSBi^^^-t y T 

VTi^/VJ^^iJ cosset'* t ibXniy^'-=i- KSr^ff-TS 
:i t i >9 tfrtafeMf ffiv'>'JK/v^^iJSrjjcib 5 r t Sr# 
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S y jK;v^?iJ - fitcii* fern L fc it^fetittf « y jK/w 

3^f B -f 5 'ft « >- ^KV^^ ?iJ w S v- y 

1 -orolf y L fc^ i: ^ L V ^Ife LSM 

~>3 - b 3- Kt 1 owtfffgyy/PWSr^SL 
tcWai. X) t;S:V«9 3gbJilfflt:*-r5.ny:^3" 

Kmk LfcffimitSi/y jK/I'^^iJ^** 5^- © 3 y If 

-Citft-r 3 y - 7"i=i ^ 7 A 3 - K t . 
[ff*]I15] HfitB^-®='yb°^-^'7"n^^7iN=' 
*JTO{-*ii{-fiJ 19 iiiT6tbfc->3- h='-Ke»p^ co- 



ot, «-S»Jg§rmBiJ-f-2.fc*(cfflv^e.*i*^S*Jw» 

infasiJt'ffl 19 ST bixfc— oK_h® n y ^=z- 
F^«-o:^^#-r 5 r t 1 4 fB«« 

[ft^« 1 6 ] ffilHo y U T 

n ^ 5 A n - Kit, V g - 1- =1 - K^m^-f- S ^ t i 

j^-r 5 3 - h 3- K*»^tt «i^y!j?/v^M%* 
fe, -y 3- h 3- K^^^'IffSlv'yjJ^/v^^tJco^^^fi 
* i; is?)Tn y^^3- K^^^-rS r t ici fflta&lfc'ff 
^v-yjJ^/vj^M^jftfeSit^^mi-rSIS*!!! 4 IB 

[if 1 7 ] tfrian y^^3^ KJiifrlBf-^^^ y r 

co»t#LV^^?|Jfi^WL. Hfjfa^-co^yfc"^.-^':/ 
C2^9A3-K{i, 'y3-h3-K^^»-r5rt(cJ; 

3@lfS-r 5 -y 3 - h 3- K^^^lt^v'yjK/v^M^r* 

fe, ^[ffl«±®i|/^^s y 3 - b ri- K^^-^'lt^v'yjK 

;0^e5jl)g^*lR]l^ 1 4fci*1tl^1t«v'yjK/V:5^)«?fe>'7 

h ^^fim hmmoiy 3 - h 3- F^»-^tf «v-y5}^vv 

^?|J l::*t L T n y 3 - K 5r*»1- 5 r. t i 19 tfjtafe 
mtf «yy.1^Vw^?iJtr*fe5r i Sr#®ti-5f**]X 1 
4 (;:E«'^Ba^«#:o 

43 (t 5 Tf 3 C- ^S-iH-r S Sia i: t T«h^ $ * 
6 3 y t"^ - ^/ 7 p j:^- 7 A 3 - K ^IB® Lfcia^^ffT 
feoT, ^3ytV-^7'l3:J^7A3-m, 

«»S*^d>biSS:coi?-:7>A' 'J r5rJlv^TS^I$^^fc 
Kmtf $gy y ^i^Vw5S?iJ SrSfS-f 5 ^-d 3 y t"^ - ^ 
n^'7A3— Ki:, 

tfrlE»t5:'lf«-yy5}?/i^*^j(c*fL, py^^3-Kt, c 

y y =1 - K J: 9 >b ^^im wSv ^y 3 - h 3 - KSr-a A^/c 
teaf^-§-^^»L. y3-b3-Kco^^imfc^Lv^» 
®i^£fSc#^*#^Stt«^^>'4^V^^^;t LT, mBi&mm 
y jff/u^M ^-fi (c^frffiiS: b jjfrffitfc'lf «-y y ^/L' 
^?iJ^**5mrro3ytf^-^:/p^7ix3-Ki:, 

[it*3S19] HulE®-C03yt:V-^7"3^''7A3 
- KH, ^ft^$^^BlJ■t5fcfe^cfflv^P,^^^T©4Si||s 

mmK^m\cm*)^x hi^ta^s- }• 3- mowcD- 

(-flgiJl-fiJ 9 ST e>^x7c-oj^±co 3 y K« 

[0001] 
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[0 0 0 21 

#7cgM (CDMA) :&S;;4s^bixxv^5„ IMT-2 

0 0 0 tmti^.^^K\t\mmmm1s^x^\^. ^mr^± 

LTtetfcW«;SS 5MH z J^A_h(DJ[£ffifi^EStefc 

(Ds) -cdma:^?!: rw-CDMA*S;j 
[0 0 0 3] ;icdw-cdma:&^cdT!3 y v^'Tii. 

Is. *^m^mm-Q\t.^y 3 - h ^- F{cJt-<T#MLJl« 

[0 0 0 4] mi\±. mmmf^^w\m'y:^y-j^io^n& 

-^W9 3T**6^ii,?^1-5fcfe®ElT'&5„ W-CDM 

A^-Jti-i, [Hi (a) l^^-fi^i-, F#rpRI^S5co;fcft® 

affiLT*5i9. n:x;7-3-Kl-'-Y-Vl 0 Q-eii-feyH 0 
4,106 is J;t>' 108 ^^fl^nii^^—f^UU^^ 

K#0. # 1 ioj;t/# 2 ?rMi/^-So ^=edb\ n^^y-a— K 

[0 0 0 5] W-CDMA;^Tti:ISlS(CI MT- 

2 0 0 0 X^X^UXWi^^Mz c d m a 2 0 0 

0::^5^feSVM*t^^(D I S-9 5-t?H, Ell (b) IC* 

-Tip}-. S*^M^«->;^ri.^3ISLT*5i3, GP 
S 1 1 e^^ffi/gi-Siirl^Jc^nv^a-K^-f-Vl 
0 2}CfcV^rffil|S±fiii 1 1 0, 1 1 2*5j;t/l 1 4tt 

*;^CS^'l'5>':J^^>':7h#0' , #1" , #2' 

[0 0 0 6] ^ L-r, I MT - 2 0 0 0 m^(OW'WiWm 
iyp^y'J^(OMBT^±y^:)j^tLX. -r^v^^^ y TD 
S - C DMA*-S:^-^/W^^-t y T C DMA:^^t V^o 

fc. -^7v=f^^vT^m-^xm^%{^m-r?,jjm-^mfi 
^^x-rv^2.„ -v-zv^^-ry TCDMA:}^S:t 

f-:/>-Y VT^im i^xm^^^m-r^Gmu^xh 
^tm-(D)smm^^m\^^xmmii^mm^n-oxv^?,„ 



[0 0 0 7] 

T'co-7/v^d;-r yTCDMA:^S:!^p-r5^td-{4, y 
^i^m \.xmm^<Dmm 5 ^ t i- -ov d 

S-CDMA;^S:i:l^«T'&5i-tj^^-0^fc>6T, 
[0 0 0 8] Sfc, -7/V^=3r^ y TCDMA;^5^;^#li] 

[0 0 0 9] r.(DXofj:mmi^^^X-^£^n 

ir-r/v^d{^-^yTCDMA:;^5s:^»ffiLfc»-^(c, fefc 
[0010] 

m^mmi^^mi,cm ^o^x^T-T-y-fh. 1 o^'it « v' 

SJ4^ ^ftSiJi" 5 * 1/ ^ P;. ti 5 — oJi;^±ro P ^ 3 
[0011] %h\-c. immt. ^mWm^yy^y-M-c^ 
(b ) JiR»ttJ:{rilfe-<b;rt/cffiiSLfc'lf S^/^-jK/Kc: 

(c) ffJtSfl£t5:tfffiv'>'jK/v^^iJ5r«©f-:7> 



-4- 



[0012] tfc. *^BJT'[4. Sflta^xy:/ (b) 
[0 0 13] */c. *BBJT{4> StJtaPi^i^^-Kt±W 

7" (b) iy3-h='-v^mn-r?>^tKi:r)^ m 

[0 0 14] Sfltap>'^='- KdSfj 

■f (b) t*, ^>3-b=i-KSr^»-r5:iti-J;!3. tfr 

i-mff 1" 5 o 3 - K ?rii[(flcD -> 3 - h 3 - F* 

#:*[R]{' 1 *fcfti«ictf fB'^VjJ^VP^^Iii-^v-^ h ^^fi 
LT o v^a- K^*^i-5 tic J; 9 tflSfemitSi^ 
[0 0 15] ^foir, ^5§Hj!(i, ^|biiftiy;xTA!'*5 

-yiy'^^jvm\^9.mr^y^7-y^t. (b) HtrlStSmtt 
[0 016] */c. *^M-e}4. wm^Tiy-:/ (b) 

[0 0 17] *^IS{±. ^mmm^y^^y'M^^s 

iir?>mmmmm^hm^'^mm'r?>mmmmxh'ox. 



[0 0 18] */c. *|gi3i!-efi. SutaJ£i6:95(±. #li)Jf 

^msij-r 5 fc * t ffi V ^ b ti^xnMBmmm }c*a tsij 
►)are3;h.fci/3-h3-mortco-ot. 

i:mm-r 5 ^ * t ^ v ^ b ©^-^ (-fflsy 

'O ^^XibfltrL—oSk±.<DtiV^=i— Y<DH<D—^^mM 
[0 0 19] *^?|r-f4. tfrianyi!^3-K{4tfr 

-V y Ti^S: i: ^ LI/ L ^B#tsif -r S V- 3 - 

b a- m^^lf «v'yj}?/W^?IJ^**. 3 - h 3- 

[0 0 2 0] **?^-ef4, tffiany^f^-Kft^fi 

•V y rwS5:t^Lv^^^iJStr*tiHiP#fcSfBi-5y 3- 
5 y 3 - h 3 - Fm^^'lf y ^Vi^^^iJ©^ t^il 

[0 0 2 1] $ Pjfr, Tfc^BJti, ^»afB->;^ri^{ct5 
jff/i'^^iJic^L, py^^a-Ki, py^^3-KJ;i9fc 

teifcifpt. ^*-t-sr ^:^#mt1-■5Sfts«^ffi#t■t- 
[0022] *|gi3;i^-(±. luSi^J£»:SPi±. #15 

M^m\-r^tz.mm\^hi^±x(Di^wmmm\mm\z. 
n^^xhfitz'y^-v^-Ymo^o-^t. 

« ^ilBiJ-r 5 * ffi V ^ b tiMHSifiii ® # * 
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[0 0 2 3] *«?t!i4. » 

aft v:^ 7^ A 1^*5 n^mmmmmt^ bm^^^i^m-r?>m 

» Lfcte^lW^ v' jK/V-J^M 5 ^=C0 =3 V tf ^ - 
[0 0 2 4] */c, (flfa^=CD=3Vlf^- 

[0 0 2 5] *7t, *?SF!ri"e(±. mitap^-ii^'=- Fiiffi 

[0 0 2 6] :$^mmxit. Htll2n>>r-3-Kf4W 

3yb°3.— i5?7°n^"7A3— K(4. v-g— ha- 

[0 0 2 7] ^hi^. =i>'fc°3.-^5r. ^S) 

aft i^xr A (t -^§rSflt-5 SftSS 



/v^^figLT. ifrfa&Kff^i^vjJ^/vjSM^-mfcjSrti 

tSc L fcittfe«1f « V >■ #/V^?IJ ^ * * 5 © 3 >■ b° 

[0 0 2 8] *^?^rii. ffria^-coavb-a.- 

[0 0 2 9] 

So 

[0 0 3 0] **Jfeff^ffit::doV^T. asllS*^t;iioT 
g-F3-K) ?|(;5(ficDloi:, ^*)^SJfi^{i 1 oi^Jl 

[0 0 3 1] El 2 (4. ;$:^W^^(C#S-7/H"^-^yT 

c D M A;^S;o^if)afB i/;^ x A ( j- 5 tttScIf 9 

[0 0 3 2] 112 (a) {C^'i-MXlX v^a-Fa-K 

W-ir2 0 lic^o^^Tiift# (^Si^) ^figiJ-tSfci*) 
<D^>'3 — F 3— Fro-fe y F 2 0 4, 20 

6*5J;U«2 0 8(D^T(C^5^^-C*a(D^5<73^f^ffli-5o 
[0 0 3 3] t/c, n>-:7'n- Fl'-'f -¥2 0 OtrfcV^r 

jSfticifS-f-^^^iofctiCD^SrWtJ^TT^si?, ^Si^-fe 
/U2 0 4^:l■o^^T^>':/3— F# 0^, *ilS-fe/P2 0 6 
(c:*fLni^^/3-F# 1 Sr. Mllir;V2 0 8 in^SfLn y 
3- F# 2 ^^ti'etim 9 ST-CV^So 
[0 0 34] gl2 (b) (^S^-f-^J-efl, ->3-Fa-F 

CDv^a— Fa— KWiry ^TCOiEH^ifiJf 2 1 
0, 2 1 2*5j;US2 1 4(r*oV^T*ili®t®SrftfflLr 
V^5„ i3>'^3-FWir2 0 2(cjoV^-C. 

2 f@-f oM'^.e o fc t> CO ij 15 a TTdo 9 . fSHir/v 2 

1 0(;I■o^^Tl=t^'^^"='— F# 0*DitF# 1 illHr/v 

2 1 2^::-ov^■t# 2*Dj;tJ?# 3 Sr. •ISlr/v2 1 4 (do 
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[0 0 3 5] rc?5i5ic, -e/v^^de^ I) TC dma:^S; 

[0 0 3 6] */c. :^KilfiJm(cfcV^TlRl-»ig«?rffi 

[0 0 3 7] 0 3 f4. ^UttJl^ffilcl'^S'V/V^dr^ y T 

C DM A:^^O^ttlffift v':^ A ® ^^Siffiij S^l^oV 

[0 0 3 8] |ll3®^jT?i4, v'g— ha— KcO^^JfiS 

[0 0 3 9] v^a— b 3— FcO^^iJSS F^S4 CO:^-^, 
NfiOf-:/^^ y Tiijol/^T. N/SF ( = N/4) 

[0 0 4 0] N/SF (=N/4) fi(D'|t*-> 

[0 0 4 1] ^L-C. M-4e.ixfcJ^SE^tt±<Dlt#^'V 

[0 0 4 2] /ids, Bl3<DM-e}4, ^/3— h3-K^* 

[0 0 4 3] H 3 (r^rteifc^W^^^Sff-t-S^^ffi^fflv^ 

5 ^ t J; 19 . tf Sv-^-JpVv^^iJSr^S LTJ5l»«$lti± 

[0 0 4 4] y TCDMA:^S; 

[0 0 4 5] 04(4, *^*m^(-«5^/V9"='r-ryT 

c DM A:;5'S;»#ij]itfi~>:^ X A «*»£±ifijiic*3v 



[0 0 4 6] 114 (a) n >" ^=t— K®^?iJS L 

f-v^'^^-ry T»Nco3fff, 1-/ifc>-t,L = 3Nt^eo 
-tv^5*a•^c*5^t5^ilS:^-^®«»cD0!I-efe5„ gi4 

[0 0 4 7] 04 (b) py^/a-KcO^MfiL^S 
f-:/=3f-^ y T^NCDS. 5f§. •r'S*3*>L=5. 5N(D 

6 3SMS®lJ-:/=3f^yr#N/2 4T(::i:oT*t 

SJligSttJicO'lf ^v-^^jR/v-J^^iJco 6 ^Mg ©f-7'>i' 
yT#N/2+ 1 i:-ttK-»^<tt«v'^^*Vi-^M5^?iJ 

[0 0 4 8] -v-zV^^Sr^ y rCDMA;^5^'e(4> i^fefS: 

^ - y ffi;^ fR] {-SliFj r' 1 * o fc t> © (--r 5 
^;65*)So gl4iC/^^1-^^t^c^*-^^*»i-5*ffiSrfflv^5 

[0 0 4 9] 0 5 **:ffi?l^ffil^tf;5-v/Vf-ar-t y T 
C D M A*-S;cD#ftiiit v-.x X A CO "IftjejIiiF) $r^NSi1- 

^*i-gl-efe5„ Ei5{c^i-^j-e«. o^^^-kco^ 
[0 0 5 0] US (a) [i, v-^r-^- K 

[0 0 5 1 ] gl5 (b) i4, Ji»;&-|R]}r21^s/7'. -f- 

[0 0 5 2] rcoJ;5(r. HsoMtc^-TJ; 5^j;i£t5:W 

^5rff 5 fcfelc/^^ n y b y>'^}f/^5^lt^Rg:^^^0^-a^-r 
[0 0 5 3] gi 6 ^mMmmiz%?>-7/T^i-^^ y r 

C D M A;^S:co*EMft v-^ X A ^Tffi V ^ 5 ^ t 



-7- 



[0 0 5 4] SI 6 (ommmm-i. mmy'-d' ^^tit-rs 

D y h v^i^jK/vi: ^fift-r 5 1 4 t , 1 4 

icco«»^2 2i;. *ffS2 2^^e>m;b$ti.5NflicDf- 

"^^•Y V 7\C I F FT (Inverse Fast Fourier Transfo 
rm) 'i.tzl't I DFT (Inverse Discrete Fourtier Trans 
form)^!a!aSrife1- I FFT (I DFT) |HlSS2 3t, I 
FFT (I DFT) 0^2 3®m:/3f'lG I (Guard Inte 

rval) ^JfA-fSG I# A^2 4/5^5)/j;S„ 
[0 0 5 5] H 6 CO«g!c(C*DV^Ti^{f x-^l8ife$|5 1 1 

K^^S 1 7 t . 1 8 ^^hfz.n^ 1 0 

[0 0 5 6] EI7Wgffg*{4, Sitit^tpcDi/>jK/l^ 

Sfefs 'J-iO^bG I ^^*-r5G I l^ifeaa 2 i: , G 
I|^*a3 2cOttl;'jiCFFT (Fast Fourier Transfer 
ni)*aa^ft-tFFT[H]S|3 3 ^-^^^yl-Jt^^tr 5 
■r^/I^»£S|53 4 FFTIiIK3 3roW;0f-*fL.5"^ 

^;i^*iS^3 4«tH,tf^^ff1-5ai:«^»^3 5 ir, 
n>-i^=i-K^^fe;?g-r?)n>-iJ'"n-K^fefig^3 6 ^ 

^m^3Sb. ^ff^3 7cr)ffi;^)C0^v'3-b3- 

^ijfi: s F 5>{c*f Lv- g - b :3 - Y^mn-f^w^nmw- 

S Fji^^tm-t^Mn^A 0 *P»:g&4 0(DW;fjt-M 

iiL?iJSm^Ji-f-ME?iJSIIlgP4 1 5i£ii:?ij'Xmsi54 1 

©ttiyf7^«iit-5x-^«Msi54 2 "f-^mmuA 

2 C73tii;^^m-^b-r«7cx-^' ^**5ffi-^4 3 

[0 0 5 7] 0 8 y r 

1216, m? tmmK>m^mm\^im-(D^mn-^i: 
[0 0 5 8] K 8 (Dmmmmii. m & 2 



- K^fefi&^l 7 8©M(c:^(tfc.fez)Sa6 

[0 0 5 9] 09 ©SfSSe»^ 0 7 ©Sfig©»»§&3 
7®f^fc>!9}c. i/3-h=i-K^^3 8co^i};^;^cMb 
c2>-^^n-F^^^-^5-o©^^:^4 4^^9-1^=1 

- K^fefijcif 3 8 tMm^3 9(omimnrz,^.tm 1 

[0 0 6 0] 0 6 CD^SflSSfi^ 01O}C*-r7P-^ 

[0 0 6 1] ^-f, iiffix-^'^^ai i^^bA^^ix 
fbU. EM^iM^i 5T'EM?iM$*i5 C^rj/:/ 

SI) o atM^lJ'^j^StifcN/S FficOttffiv-V/K/KD 
^M®^'lf VjK/V!*, 3 If- 1 6 T'-> 3 - h =3 - K 

ffSi/y/:K;P-^^iJ^^#bix5 (;^xs/ys2) » 

[0 0 6 2] ?fel^, JSJSI^tt±(-M'<t.nfcm-'©f*« 
T'S 3) o 

[0 0 6 3] mc. JS«l^tt±Oi>'3-b3-K^5^^ 

^ilfz.W\m^<r)%Z.(T^\mcyyif^iV%JUl^^% 2 0 

U «»^2 2-en^^'3-MS^»^*xT. mHcoffi 
#i/>'/Jf/u^^iJ;S5^fP,tl.5 (;^7^y7'S4) „ 
[0 0 6 4] mc. nviT^-YtlW^^fifzWrn'^ 
©^HWtf #->y#V^^?lJ?r IFFTIllBS23tGIJf 

S/7°S 5) „ 

[0 0 6 5] 0 8»j2gft^aSri=Hv^S»-a-(Ci4, 7.y-y 
-^s 3 t s 4 tm^. ^ :}-i--r||-(7)'|f «-»-5}?/i'^?ij{c: 
*f L-C->3 - h 3- K 1 13 3- Koa^s^ff 

[ 0 0 6 6 ] 0 7 ©gftSef j;, 011l^^r7n-5^ 

[00 6 7] ^ ^-^^^^3 1 -ni/ 

yifsiv^^ ^yf (FFTr?'i'$>'^") ^s^m^lx. G 
11^*953 2-r-G I trl^SU ^^£.;^^fdt-^S^FFT0 
K3 3-ef-7'dr-YyTj5g5^[::5^ii-r5 (;^xy7"si 
1) o -^rt-c, f'-r^^msg|5 3 4-e^f-:/=3f-tyT(D 

««-rs (;^xy:/s 1 2) „ 
[0 0 6 8] mz.^ y T(^*3(t59^-r^^v'^ 



-8- 



1 5) „ 
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